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Abstract 
The commercial value of black rice husk ash (BRHA) has increased, and it is suitable for use in highway construction. In this 
study, BRHA waste was ground using a grinding ball mill to fine particles size less than 75μm. Four BRHA contents were 
considered in the study i.e. 0%, 2%, 4%, and 6% by weight of binder. The asphalt mixture performance of the BRHA was 
evaluated through Marshall Stability, stiffness, flow, and density test. Test results showed that BRHA can be satisfactorily used 
as a filler material in order to increases the properties of hot-mix asphalt. Test results also indicate that asphaltic concrete 
containing 6% BRHA showed excellent performance to Marshall Stability properties. 
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1. Introduction 
Many products and waste materials can add to pavement construction in order to reduce disposal problem and 
reduce pollution [1]. Incorporating of waste or by-product materials in construction industry such as production of 
asphalt concrete mixtures give advantages in term of environmental and economic view. Many researchers have 
studied the effects of mineral fillers on the behavior of asphalt mix. For example, Al-Hdabi [2] reported that the use 
of rice husk ash as filler was able to increase the resistance of particle to move within the mix matrix and works as 
an active material when it interacts with the asphalt cement. Borhan et al. [3] mention that the different filler used as 
replacement or additive has different performance in the asphalt mixture. On the other hand, Anupam and Kumar [4] 
stated that waste materials may improve the strength and durability characteristics of the original materials that are 
utilized. Improve the quality of bitumen such as added a material in asphalt was increase the stability, resolve 
problems of failing and reach the age of roads [5]. Additive or filler materials have used in bitumen to design against 
or repair pavement due to problems: surface defects (raveling and stripping), structural defects (rutting, shoving and 
distortion) and cracking (fatigue thermal) [6]. Rice husk not only makes the purposeful utilization of agricultural 
waste but it can also reduce the consumption of energy [7]. Then, it also can use as a substitute for binders without 
effect the strength and durability [8]. Understanding the ability of an asphalt pavement to resist fracture from 
repeated loading is important to develop excellent hot mix asphalt. Using asphalt additives in highway construction 
is helpful the conventional bitumen to have better engineering properties and extend the lifespan of the pavement 
[9]. This is why the present study is aimed at investigating the suitability of local agricultural (BRHA) as additive in 
order to produce asphalt mixture which is not only potentially cost effective but also exhibits high performance. 
 
2. Materials and Methods 
2.1. Aggregate and gradation 
The coarse aggregate was crushed blue granite stone where the fine aggregate used was natural river sand. The 
specific gravities of coarse and fine aggregates are approximately 2.665 and 2.715, respectively. The specific gravity 
test for both coarse and fine aggregate was conducted in accordance with the procedure outlined in BS EN 1097-6 
[10]. The gradation of the granite aggregates met the requirements for the Malaysian Public Works Department 
AC14 [11] as illustrated in Fig. 1. The median gradation was selected as the target gradation. 
 
 
Fig. 1. Aggregate gradation used in this study. [11] 
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2.2. Bitumen 
Bitumen with the penetration grade 60/70 was used in this investigation. The physical properties of bitumen are in 
the standard range as shown in Table 1. 
                                                      
                                                     Table 1. Physical properties of 60/70 bitumen. 
Physical properties Values 
Penetration (dmm) 65 
Softening point (°C) 51 
Relative density 1.03 
Viscosity at 135 °C (cp) 600 
2.3. Black rice husk ash 
The black rice husk ash (BRHA) was collected from a rice mill in Johor Bahru. Malaysia. In the production 
process, the rice husk was burned at a temperature of 850 °C with short residential time (10–15 min). After 
incineration, BRHA was left to cool and then collected the following day. The BRHA was then ground in a 
laboratory rod mill to reasonable fine particles size less than 75 μm. Silicon dioxide was identified as the main 
component of BRHA. Silicon dioxide, aluminium oxide and iron oxide comprised 93.48% of the material in 
accordance with ASTM C618-15 [12] and those three main oxides make up no less than 70% of the pozzolanic 
material.  
2.4. Sample preparations 
The aggregates were first mixed into batches according to the designated gradations and weight. These batches 
were then heated in an oven at the designated mixing temperature for at least 4 hours before the mixing process. The 
mixing and compaction temperatures adopted were 180±0.5°C. The heated aggregate batches were then mixed with 
a specified amount of bitumen and BRHA. Four BRHA replacement levels were considered in the study: 0%, 2%, 
4%, and 40% by weight of binder and named as BRHA-0, BRHA-2, BRHA-4, and BRHA-6, respectively. The 
mixes were compacted with 75 blows on each side with the standard Marshall hammer. After compaction, the 
specimens were removed from the molds and allowed to cool overnight. 
2.5. Marshall stability test 
In the Marshall Stability test, the specimens were prepared with the specified temperature by immersing in a 
water bath at a temperature of 60±1 °C for a period of 45 min. Then, the specimens were placed in the Marshall 
Stability testing machine and loaded at a constant rate of deformation of 50.8 mm/min until the maximum load was 
reached. The test procedures outlined in ASTM D6927 [13]. The stability result was recorded on the Marshall testing 
machine in kN. 
3. Results and Discussions 
3.1. Stability and stiffness 
The representation of the relationship between stability and stiffness of asphalt mixture containing BRHA is 
graphically illustrated in Fig. 2. The stability and stiffness values of specimen’s increases as the BRHA content 
increases. The results show that the maximum stability and stiffness for BRHA-0 is 10.5 kN and 2600 N/mm, 
respectively. BRHA-6 specimens on the other hand exhibit a maximum stability and stiffness of 11.4 kN and 3677 
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N/mm, correspondingly. Although black rice husk ash appears to provide high stability and stiffness to asphalt 
mixture, the test results show that the BRHA-6 exhibits 8.6% and 41.4% more stability and stiffness at the 
maximum. The particles sized of BRHA are dispersed well in the bitumen, creating strong bonding with the bitumen 
as a result high stability and stiffness. In addition, the increased stability and stiffness values due to BRHA became 
more viscous and harder in asphalt mixture [14]. Thus, BRHA could improve the performance properties of asphalt 
mixture. 
 
 
Fig. 2. Stability and stiffness of asphalt mixture at different BRHA. 
3.2. Stability and flow 
A graphical illustration of the stability and flow versus BRHA content relationship of asphalt mixture is presented 
in Fig. 3 indicates that generally, the addition of BRHA causes an increase in stability. It can be seen that the 
stability sensitive towards variant of BRHA content. Higher BRHA percentages have the net effect of increasing mix 
stability. The stability increased from 10.5 to 11.4kN as the BRHA replacement increases from 0 to 6%. Higher 
stability values as a result more strength of asphalt mixture. The results also show that the increment of BRHA 
content causes an increase in flow value. More flow value, lesser the stiffness of asphalt mix. Based on Figure 3, 
minimum flow for BRHA-0 mix is 2.47 mm. Asphaltic concrete specimens containing black rice husk ash on the 
other hand exhibit a maximum flow of 3.8 mm at 6% BRHA content. Generally, the flows (between 3–5 mm for the 
surfacing and heavy traffic category) of all specimens are in the range recommended by the local specification JKR 
[11] and Asphalt Institute [15].  
 
 
Fig. 3. Stability and flow of asphalt mixture at different BRHA. 
22060 Ramadhansyah et al./ Materials Today: Proceedings 5 (2018) 22056–22062 
3.3. Stability and density 
Fig. 4 shows a typical relationship between stability and density of asphalt mix prepared at varying BRHA 
content. The two Y-axis represent stability and density whereas the X-axis represents the percentage of BRHA. Each 
plotted point is an average of two readings. The figure also shows that an increase in BRHA content causes a 
corresponding increase in stability and density. Specimens with 0% BRHA content had lower amount stability and 
densities where 6% BRHA content had higher stability and density, and followed by 2% BRHA and 4% BRHA 
respectively. The density of 2.29 g/cm3 to 2.32 g/cm3 was achieved when the stability of mix was increased from 
10.5 kN to 11.4 kN. The higher densities mixes is probably due to the higher replacement amount of BRHA. 
Previously, Abdullah et al. [16] found that the binder used for producing the test specimens provides lubrication to 
the aggregates and enable them to slide into place and filled up the voids in the mixes, thus producing increasing mix 
density. 
 
 
Fig. 4. Stability and density of asphalt mixture at different BRHA. 
3.4. Stiffness and flow 
The effect of black rice husk ash mixes on stiffness and flow is shown in Figure 5. Generally, the stiffness and 
flow values increase as increasing the percentage of BRHA. According to JKR specification [11], the stiffness value 
of asphaltic concrete should be more than 2000 N/mm where flow value should be in the range of 2 mm to 4 mm, 
which can be achieved by incorporating bitumen contents from 3.0% to 5.0%. However, the local specification does 
not state the limiting values for replacing the main binder with waste materials. Based on Fig. 5, controlled specimen 
recorded that the lowest stiffness of asphalt mix is 2600 N/mm and flow is 2.47 mm while the highest stiffness and 
flow is 3677 N/mm and 3.80 mm at 6% BRHA, respectively. It can be said that the stiffness value for BRHA-6 was 
increased approximately 41% when compared to BRHA-0. A further 53.8% increase in flow is observed as the 
BRHA content increases from 0% to 6%. 
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Fig. 5. Stiffness and flow of asphalt mixture at different BRHA. 
3.5. Stiffness and density 
The average stiffness and densities test results indicate that a positive effect exists between the stiffness, density 
and BRHA content, as shown in Fig. 6. Asphalt concrete mixtures prepared with black rice husk ash experienced 
higher stiffness and densities values than that conventional specimen. As the BRHA content increases, the stiffness 
and density of the mix also increases accordingly. The stiffness of the BRHA mixes is between 23% and 41% and 
for density is 0.4% to 1.3%, which is higher than the stiffness and density of conventional mixes, indicating that the 
increment of 2% BRHA causes the stiffness and density increases by approximately 23%. The results also indicate 
that the stiffness value of BRHA mix increases from 2600 N/mm to 3677 N/mm as mix of densities also increases 
between 2.29 g/cm3 to 2.32 g/cm3. At 2% and 4% BRHA content, the densities to be in the range of approximately 
2.30 to 2.31 g/cm3, respectively. 
 
 
Fig. 6. Stiffness and density of asphalt mixture at different BRHA. 
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4. Conclusions 
From the laboratory tests results, asphalt mixtures incorporating black rice husk ash performed better than 
conventional asphalt mixtures. However, a balance proportion of BRHA is needed to ensure the best performance 
obtained. Thus, 6% BRHA content is considered as the optimal limit. Black rice husk ash, when incorporated by a 
certain proportion to the asphalt mixture, exhibits higher stability, stiffness and density. 
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